The unambiguous stereospecific assignment of the prochiral methyl groups in Val and Leu plays an important role in the structural investigation of proteins by NMR. Here, we present a straightforward method for their stereospecific solid-state NMR assignment based on [2- 
Introduction
The stereospecific assignment of prochiral methyl groups of Val and Leu can greatly improve the precision and accuracy in protein structure determination by liquid-state NMR [1] [2] [3] [4] . The methyl groups of Leu and Val are useful sources of structural information, as they are often found abundantly in the structurally important hydrophobic protein core and involved in numerous inter-residue and long-range contacts [5] . Additionally, it was recently shown that the methyl carbon chemical shifts can be used for obtaining v 1 rotamer distributions in Val and Leu residues, and that the methyl groups are a rich source of information about side-chain conformation and dynamics [6, 7] . ssNMR spectroscopy is an emerging powerful tool for the structure determination of noncrystalline and insoluble proteins [8] [9] [10] [11] [12] , which are not amenable to X-ray crystallography or solution NMR spectroscopy. The stereospecific assignment of the prochiral methyl groups of Val and Leu by ssNMR, should play an equally important role for structural and dynamical studies as in liquid-state NMR.
In order to address the stereospecific assignment of the prochiral methyl groups of Val and Leu, several isotope-labeling approaches have been developed [2, 3, [13] [14] [15] [16] [17] . The most widely used method to date relies on the use of a minimal culture medium containing 10% [ 13 C]Glucose and 90% [ 12 C]Glucose as the carbon source during biosynthetic protein production [2, 18, 19] . This elegant method has been successfully applied for obtaining the stereospecific assignment of the isopropyl groups of Val and Leu by liquid-state NMR and has also been extended to ssNMR [20] . However, a major practical drawback of this method is that the fractional labeling requires an additional sample to be prepared only for the purpose of stereospecific assignments. Here, we propose an alternative approach for the stereospecific assignment of the methyl groups of Val and Leu based on the [ and [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] C]Glc-labeled samples, sequential resonance assignments can be readily obtained [23] . Herein, we present that the [2- 13 C]Glc labeling scheme additionally allows for obtaining stereospecific assignments of the isopropyl groups of Val and Leu in a straightforward manner using ssNMR spectroscopy. As an illustration, we present stereospecific assignments of Val and Leu in type 3 secretion system (T3SS) PrgI needles and microcrystalline ubiquitin. (Fig. 1) . Therefore, the presence of [2, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] C]pyruvate could explain the presence of the 13 Ca- 13 Cc2 correlation of Val67 in T3SS PrgI needles (Fig. 2a) .
Results and discussion
However, consistent with the observed weak intensity, it was reported that amino acid degradation and gluconeogenesis are quite [29] , the detection of long-range distance restraints [10] , and the stereospecific assignment of the isopropyl groups of Val and Leu presented here, the [2-13 C]Glc labeling scheme has proven to be a remarkably versatile scheme, and should therefore become an attractive tool for structural investigations of proteins by ssNMR.
Materials and methods

Sample preparation
[U- 13 C]Glc-and [2-
13
C]Glc-labeled T3SS PrgI needles were prepared as described in Loquet et al. [10] . [U- 13 C]Glc-and [2-13 C]Glclabeled ubiquitin was prepared as described in Seidel et al. [30] .
[2-13 C]-Glc-labeled PrgI protomers were prepared as in Loquet et al. [10] with the exception that the monomers were not polymerized. The buffer used for the solution NMR studies contained 20 mM MES, pH 5.5, 10% D 2 O. All samples were uniformly 15 N labeled.
Solid-state NMR experiments and data processing
Samples were packed in 4 mm MAS rotors, using protein quantities of $10 mg for T3SS PrgI needles and $20 mg for ubiquitin. All spectra were recorded at a spinning frequency of 11 kHz and the 13 C chemical shifts were calibrated with DSS as an internal Ref. [31] . The temperature-dependent position of the water proton resonance was used to measure the temperature inside the MAS rotor [32] 
